Primary vertebral tumors, although less common than metastases to the spine, make up a heterogeneous group of neoplasms that can pose diagnostic and treatment challenges. They affect both the adult and the pediatric population and may be benign, locally aggressive, or malignant. An understanding of typical imaging findings will aid in accurate diagnosis and help neurosurgeons appreciate anatomic subtleties that may increase their effective resection. An understanding of the histological similarities and differences between these tumors is imperative for all members of the clinical team caring for these patients. In this first review of 2 parts, we discuss the epidemiological, histological, and imaging features of the most common benign primary vertebral tumors-aneurysmal bone cyst, chondroma and enchondroma, hemangioma, osteoid osteoma, and osteoblastoma-and lesions related to eosinophilic granuloma and fibrous dysplasia. In addition, we discuss the basic management paradigms for each of these diagnoses. In combination with part II of the review, which focuses on locally aggressive and malignant tumors, this article provides a comprehensive review of primary vertebral tumors.
Aneurysmal bone cysts occur primarily in patients , 30 years of age and are slightly more common in female individuals. 2, 7 They have a predilection for the lumbar spine, followed by equal occurrence in the thoracic and cervical spine. 8 They frequently involve the posterior elements, especially the lamina; however, the lesion can involve all aspects of the vertebrae, including the vertebral body. 9 Clinical presentation includes pain, neurologic deficit, and often scoliosis or kyphosis. [10] [11] [12] The clinical course is unpredictable, with recurrence possible after all forms of treatment. 12 Aneurysmal bone cysts have a characteristic gross appearance that has been described as a ''blood-filled sponge,'' 13 referring to blood-or serum-filled cavernous cysts separated by walls of woven bone and osteoclasts 5, [14] [15] [16] ( Figure 1A ). The cyst may consist of a dense cellular composition containing plump stromal cells, multinuclear giant cells, and thin-walled blood vessels or a preponderance of fibrous tissue with enlarging vascular spaces. 17 The CT appearance of aneurysmal bone cysts is that of a ballooning, multilobulated lytic lesion that resembles a ''soap bubble'' with a ''blown-out'' appearance 18, 19 ( Figure 1B ). Cystic spaces with fluid-fluid levels can occasionally be detected on CT scan. 20, 21 Vertebral stability can be compromised, and presentation with vertebra planum from compression fracture has been reported. 22, 23 Magnetic resonance imaging is useful to confirm the relationship to neural elements and is more sensitive than CT for detection of fluid-fluid levels. 24 The lobulated lesion is surrounded by a hypointense rim on MRI corresponding to the intact periosteum. 19 The cystic components vary in appearance on T1 and T2 scans, which is thought to represent the varying ages of the accumulated hemorrhage products within the cavities. 25 Gadolinium contrast enhancement is seen in up to 96% of lesions. 26 Although various modalities are used to treat aneurysmal bone cysts, 18, 27 Boriani and colleagues 12 devised a treatment paradigm based on the degree of diagnostic certainty. If the diagnosis is nearly certain on the basis of clinical and radiographic findings, selective arterial embolization is recommended, followed by complete curettage or en bloc resection (especially for lesions limited to the posterior elements). In cases when diagnosis is uncertain, a needle biopsy can yield nonspecific tissue given the large hemorrhagic components of these tumors. Therefore, open biopsy is preferred, followed by curettage if the tissue is diagnostic for an aneurysmal bone cyst. Vertebroplasty may also be used to reinforce the bony defects after curettage. Anterior or posterior reconstructions should be performed in adults after resection or curettage, depending on the amount of bone removed. However, in children, some authors advocate bracing before skeletal maturity, followed by delayed arthrodesis, 12 whereas others recommend aggressive resection and arthrodesis. 28 
Chondroma and Enchondroma
Chondromas are benign cartilaginous tumors that rarely affect the spine. They account for , 5% of all spinal bony tumors. 29 Pathologically, they may be classified as chondromas, 30 Chondromas arise from hyaline cartilage and are defined as enchondromas when they arise in the medullary cavity. They are more common in males, and their peak incidence is in the second and third decades. These tumors may occur in any region of the mobile spine. 29 Multiple enchondromas or ''enchondromatosis'' is known as Ollier syndrome or Maffucci syndrome if hemangiomas are also present. Osteochondromas are also more common in male individuals and are considered a developmental lesions rather than true tumors because their growth stops with skeletal maturity. 31 Enchondromas contain chondrocytes within lacunae in a cluster formation accompanied by abundant solid matrix.
14 The lesions are usually relatively hypocellular. Chondroblastomas consist of mononuclear and giant cells. Islands of chondroid differentiation are seen between the tumor cells.
14 Additional areas of aneurysmal bone cyst formation may be seen. 14 Enchondromas may display calcifications on CT scan, 32 which can aid in diagnosis. Enchondromas have intermediate to low signal intensity on T1-weighted MRI and high signal intensity on T2-weighted sequences. Calcifications appear as areas of low signal intensity. Neither CT nor MRI can distinguish between benign and malignant varieties; hence, pathological specimen is required for definitive diagnosis.
Surgery for gross total resection is the definitive treatment for spinal chondromas and enchondromas by confirming the diagnosis, preventing further neurological deterioration, and halting the small but possible risk of sarcomatous degeneration. 33 As with other tumors, the goal is complete excision while attempting to maintain stability. 29 
Eosinophilic Granuloma
Eosinophilic granuloma is a rare, benign solitary bone lesion that affects primarily children ,15 years of age 34 and is more common in male individuals. 35 It is 1 of the 3 clinical presentations of the disorder called Langerhans cell histiocytosis, formerly known as histiocytosis X, which can involve the central nervous system, bone, liver, lungs, and lymph nodes. Histiocytosis is an umbrella term for a proliferative disorder of histiocytes or macrophages. 36 Langerhans histiocytes are dendritic antigenpresenting cells found in the skin. Their clonal proliferation leads to 1 of 3 related disease entities. The forms of Langerhans cell histiocytosis include Hand-Schuller-Christian disease, consisting of the triad of exopthalmos, diabetes insipidus, and skull lesions; Letterer-Siwe disease, characterized by disseminated lesions involving multiple organs; and eosinophilic granuloma, the localized and most benign form, commonly occurring in bone. 37 These conditions give rise to tumors that express HLA-DR and CD1a. 38 The most frequent sites of these skeletal lesions are the skull, femur, mandible, pelvis, and spine (least common). 39 Eosinophilic granuloma is most relevant to the spine surgeon when it leads to vertebral body collapse and neurologic deficit. In patients with Langerhans cell histiocytosis, the classic presentation of the vertebral lesions is that of vertebra plana. 39 In a review of 3 major series of children with Langerhans cell histiocytosis, Garg et al 39 found that 17% of children had spinal involvement. The most common presenting symptom is dull back or neck pain, depending on the site of the lesion. Conservative management is the primary treatment paradigm, and surgery is generally reserved for decompression of neural elements or correction of significant spinal deformity.
Histologically, eosinophilic granulomas display a characteristic ''tennis racquet''-shaped ''Birbeck granule'' in the cytoplasm. On electron microscopy, they appear as large and elongated cells with abundant basophilic cytoplasm and a centrally located nucleus with a groove. 37 These cells can be plentiful in the expansive destructive lesions most commonly found in the medullary cavities of bone. There is also significant eosinophilic infiltrate FIGURE 1. Aneurysmal bone cyst. A, blood-filled cystic spaces (arrows) separated by fibrous septae (arrowheads). On higher power (not shown), mitotic activity may be observed, but cytologic atypia is unusual. The gross appearance of the specimen has been likened to a blood-filled sponge. B, gadolinium-enhanced T2 axial MRI demonstrating the ''soap bubble'' appearance of this cyst.
within the lesion (Figure 2A) . It is important to note that these Birbeck granules are not seen in every tumor cell; therefore, diagnosis must be confirmed with immunohistochemical staining for CD1a. 36 The proliferation of histiocytes and eosinophilic infiltration leads to lytic destruction of the vertebral bodies that can cause the classic vertebral body collapse known as vertebra plana 40 ( Figure 2B ). There is a predilection for the thoracic spine, followed by the lumbar and then cervical spine. Vertebral bodies and anterior elements are involved much more commonly than the posterior elements. 37 Vertebral collapse can be seen clearly on lateral plain radiographs of the affected spinal levels. If vertebral collapse is not complete, anterior wedging of the body may be observed. Mild epidural or soft tissue extension may be seen on CT or MRI. 37 Eosinophilic granuloma is isointense on T1 and hyperintense on T2-weighted MRI. 35 There is usually complete preservation of the adjacent disks. Vertebra plana in children can occur as a result of a variety of malignant tumors, including Ewing sarcoma, osteosarcoma, and lymphomas, as well as eosinophilic granuloma. The wide differential diagnoses highlight the necessity for a thorough workup, usually including an open, CT-, or fluoroscopy-guided biopsy. 39 Treatment of eosinophilic granuloma in both adults and children is guided by the presence of neurological deficits or instability. No randomized clinical trials have established guidelines, but most surgeons will operate to decompress and stabilize when deficits exists resulting from vertebra plana or tumor compression. 35, 41 In other patients, conservative management with bracing, bed rest, corticosteroid injection, nonsteroidal anti-inflammatory medications, and radiotherapy have been used. Prognosis is generally excellent 42 with this relatively rare benign spinal tumor.
Fibrous Dysplasia
Fibrous dysplasia affects primarily children and adolescents and is estimated to involve the spine in only 2.5% of all cases. 43 The disease manifests in 2 typical forms, classified by the number of affected bones. Monostotic fibrous dysplasia accounts for 70% of reported cases and affects males and females equally. 31 It is most commonly found in the ribs, followed by femur, tibia, jaw, and skull. It is usually asymptomatic but may present with deformity and enlargement of the affected bone. 36 The polyostotic form occurs with or without endocrinopathy. McCune-Albright syndrome is a severe form of polyostotic fibrous dysplasia combined with endocrinopathy. The classic triad of McCune-Albright syndrome is fibrous dysplasia, café-au-lait skin pigmentation, and endocrine dysfunction, commonly precocious puberty in the pediatric population. These patients may also suffer from hyperthyroidism or growth hormone-secreting pituitary adenomas. 44 The lesions are composed of curvilinear trabecular woven bone in a background of broken or retracted fibroblasts. These sheets or bundles of fibroblasts show spicules of ''woven bone'' emanating directly from the stroma 45, 46 ( Figure 3A ). Cystic changes, hemorrhage, and foamy macrophages are also common features. 36 Foci of hemorrhage and few scattered multinucleated giant cells may be seen. There are reports of the polyostotic form of fibrous dysplasia transforming into a secondary malignant form such as osteosarcoma. 47 Radiographically, fibrous dysplasia has a ground-glass appearance with definite sclerotic margins ( Figure 3B ). The lesions are primarily lytic and commonly cause pathological fractures. 46 Computed tomography exhibits a mildly expansile lesion with a ''blown-out'' cortical shell or a lytic lesion with a sclerotic rim. 31 On MRI, fibrous dysplasia shows variable characteristics, typically FIGURE 2. Eosinophilic granuloma. A, Langerhans cells present within a pleomorphic background of inflammatory cells, including eosinophils (arrow). Langerhans cells stain for CD1a and by electron microscopy show the characteristic Birbeck granule. B, lytic destruction of this thoracic vertebral body from eosinophilic granuloma led to its collapse, known as vertebra plana. This can be seen on lateral radiograph, which also shows preservation of the adjacent disk spaces.
intermediate to low signal intensity on T1-weighted images and variable signal intensity on T2-weighted images. 31 Patients diagnosed with fibrous dysplasia should undergo metabolic and endocrinological evaluation to treat possible vitamin D deficiency, hyperparathyroidism, and phosphate wasting. 48 Oral bisphosphonates have been proven effective in multiple studies for the treatment of symptomatic (ie, painful) fibrous dysplasia. 49 Surgery is indicated to restore spinal stability or to establish a diagnosis, and as with other similar tumors, complete resection is desirable. 46 
Hemangioma
The incidence of benign spinal hemangiomas is estimated to be .10% in autopsy studies. 50 Incidence increases with age, and there is a slight female predominance. 31, 51 Vertebral body involvement is most commonly seen, although the lesion can extend to the pedicles and rarely to the spinous processes. 32 The majority of hemangiomas are asymptomatic and are found incidentally on spinal imaging performed for other purposes. When symptomatic, the findings include pain, myelopathy, and radiculopathy that may be the result of bone expansion compressing nerve roots or the thecal sac. [52] [53] [54] Pregnancy may contribute to the development of aggressive and symptomatic hemangiomas, which is hypothesized to be due to an increase in blood volume and cardiac output. 55 The histological appearance of hemangioma is that of multiple small vessels interspersed among trabeculae of bone.
14 These trabeculae become more sclerotic owing to the abnormal blood vessels of the tumor ( Figure 4A ). The 2 main types of hemangiomas are categorized as capillary or cavernous on the basis of the associated vessels. They may have a component of adipose tissue that can add to the expansile nature of these tumors. Hemangiomas may also lead to pathological vertebral fractures, which can exacerbate compression of neural elements. 56 Kyphoplasty has emerged as an effective treatment for painful vertebral hemangiomas even in the absence of a pathological fracture. 57 The typical radiographic appearance of a hemangioma is vertical trabeculae with soft-tissue stroma. This has been described as a characteristic ''honeycomb'' pattern. 32, 58 On x-ray and CT, hemangiomas look ''mottled'' 58 ( Figure 4B ), and CT shows the pattern as multiple dots (polka dots) representing a cross section of reinforced trabeculae. 31 Hemangiomas are seen as punctate areas of high signal intensity on T1-and T2-weighted MRI scans in a background of decreased signal intensity. Contrast enhancement is seen on both CT and MRI ( Figure 4C ). The key features that differentiate hemangiomas from other similar tumors are a hyperintense signal on T2-weighted imaging and a homogeneous iso-signal on T1-weighted imaging usually accompanied by homogeneous enhancement. Unlike intramedullary and intracerebral cavernous hemangiomas, these lesions lack a low-signal hemosiderin ring on both T1-and T2-weighted imaging. 59 Formal angiography confirms the vascular nature of these tumors ( Figure 4D ), and preoperative embolization is useful in many cases.
Most patients with asymptomatic vertebral hemangiomas can be observed. However, these lesions may become symptomatic by hemorrhage, vertebral body expansion, or neural compression and present with pain or neurological deficit. In 1 large series, 35 of 59 patients were diagnosed with incidental hemangiomas, and only 2 patients in the series with asymptomatic or painful lesions progressed to develop neurological deficits. 60 Proven treatment modalities include surgery with decompression and/or resection and stabilization, transarterial embolization, vertebroplasty, or radiation therapy. 52, 61, 62 Painful lesions with minimal or no compression can be treated with embolization alone or vertebroplasty if a pathological fracture has already occurred. 63 Given the highly vasculature nature of these lesions, embolization is advocated before surgery for compressive lesions, 63 with the type of surgery determined by the degree and level of compression. 60 
Osteoid Osteoma and Osteoblastoma
Osteoid osteomas and osteoblastomas are histologically similar lesions that produce osteoid and woven bone. 64 Osteoid osteomas are smaller, well-contained, self-limited lesions; osteoblastomas are larger and can undergo malignant transformation. 56 Osteoid osteomas are uncommon bone lesions but are 4 times more common than osteoblastomas; both have a male predominance of 2-3:1.
31,65
The majority of osteoid osteomas occur in children and adolescents, with spinal involvement in 10% to 20% of cases. 66 These lesions can occur anywhere in the spinal column, but lumbar involvement is most common. There is a predilection for involvement of the posterior elements of the vertebrae. 67 Localized pain at the site of the lesion is the most common clinical presentation. The duration of pain may be prolonged with an average of 15 months in some series. 68 Continuous pain with nocturnal exacerbation and response to nonsteroidal anti-inflammatory medications (classically aspirin) has also been described by multiple authors. Osteoblastomas have been found to present several months earlier than osteoid osteomas, 68 probably because of their larger size. The histological appearance of osteoid osteomas and benign osteoblastomas is that of a reddish nidus of osteoid and woven bone with interconnected trabeculae. 67 The trabeculae are typically thin, and the intertrabecular spaces contain hypocellular connective tissue 14 ( Figure 5A ). The lesion is well circumscribed and may be surrounded by reactive bone with various degrees of sclerosis. This has sometimes been referred to as a ''cloudlike appearance'' because it is less dense than bone and lacks the natural trabecular architecture. 31 FIGURE 4. Hemangioma. A, multiple benign-appearing small blood vessels (arrows) with interspersed fibroadipose tissue adjacent to a fragment of bone (arrowheads). B, axial CT of an L1 hemangioma with characteristic ''honeycomb'' appearance, also described as mottled. C, gadolinium-enhanced sagittal MRI of the L1 hemangioma with marked enhancement throughout the vertebral body suggesting a vascular tumor. D, selective angiogram of the left L1 segmental artery was performed, followed by embolization, before surgical resection of this hemangioma.
Computed tomography scans are an excellent imaging tool to detect the osteoid osteoma and define the exact bony location. 69 The nidus of an osteoid osteoma can be detected on CT scans as an area of low attenuation with various degrees of surrounding sclerosis 70, 71 ( Figure 5B ). Osteoid osteomas can be detected with MRI, with the nidus appearing as a hypointense lesion surrounded by marrow edema on T2-weighted sequences. On T1-weighted sequences, the nidus can have an intermediate signal intensity and areas of signal voids resulting from calcification. 69 Enhancement within the nidus or peri-nidal marrow can be seen after gadolinium administration and can increase the sensitivity of the imaging study. 32, 64, 69 An additional tool for detection of osteoid osteomas and osteoblastomas is the technetium bone scan, which is thought to be the most sensitive detection modality. 72 A marked uptake of radionuclide activity is seen within the nidus of the osteoid osteoma. 32 Osteoblastoma has a similar appearance on CT but differs from osteoid osteoma in that osteoblastomas are generally .2 cm and display less reactive sclerosis. 32 The finding of central expansion similar to that of an aneurysmal bone cyst has also been described in spinal osteoblastoma. 32 Pain from osteoid osteomas and osteoblastomas classically responds to nonsteroidal anti-inflammatory drugs such as aspirin. 64 When pain becomes refractory to medical management or the tumor results in neural compression with deficits, complete resection (sometimes with arthrodesis) is advocated and generally results in pain relief and cure. 65, 68 
CONCLUSION
This first installment of the review synthesizes the wide range of histological and radiographic findings seen in a variety of benign primary vertebral tumors. These patients are frequently referred to neurosurgeons for management of their potentially operative tumors. These benign tumors, while lacking the ability to metastasize, can cause significant neurological deficit and may require treatments including surgical resection. Advances in imaging have allowed detailed anatomic preoperative evaluations that significantly aid in the diagnosis and treatment of these lesions. Thus, an understanding of the tumor biology, histology, and radiographic subtleties is imperative to treat these patients properly. 
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